EART FAILURE IS A SYNDROME characterized by dyspnea and fatigue; however, patients with heart failure often also experience diminished health status, including reductions in physical and social functioning and other dimensions of health-related quality of life. 1, 2 Pharmacological and device interventions and disease management programs for heart failure have provided little or modest improvements in healthrelated quality of life.
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EART FAILURE IS A SYNDROME characterized by dyspnea and fatigue; however, patients with heart failure often also experience diminished health status, including reductions in physical and social functioning and other dimensions of health-related quality of life. 1, 2 Pharmacological and device interventions and disease management programs for heart failure have provided little or modest improvements in healthrelated quality of life. 3, 4 The extent to which exercise training in addition to optimal evidence-based therapy improves patients' health status is unknown.
Among previous studies of exercise training in patients with heart failure, few have assessed quality-of-life outcomes. 5 These studies have had a variety of limitations, including recruitment at single centers, small sample sizes, lack of randomization or adequate controls, and limited follow-up. Moreover, previous studies have yielded conflicting results regarding the benefits of exercise for patients' health status. Coats et al 6 reported an improvement in patient-reported symptoms among 11 highly selected patients who undertook exercise training during a period of 8 weeks. A randomized trial among 99 patients by Belardinelli et al 7 demonstrated improvements in the 21-item Minnesota Living With Heart Failure Questionnaire (MLHFQ) after 2 months of exercise training compared with usual care, ratings that remained stable at 12 months. In contrast, the Exercise Rehabilitation Trial among 181 patients randomly assigned to 3 months of supervised exercise training followed by 9 months of home-based training or usual care showed no differences in MLHFQ scores. 8 Further underscoring the confusion surrounding the association of training-induced improvement in exercise capacity and quality of life are 2 studies by Keteyian et al, 9, 10 in which 24 weeks of exercise training improved peak oxygen consumption (ie, peak V · O2) but not MLHFQ scores. Most of these studies were conducted prior to current guideline recommendations for pharmacologic and device therapies, including ␤-blockers, biventricular pacemakers, and implantable cardioverter-defibrillators.
Thus, critical questions remain about whether exercise training can improve patient-reported health status. The principal aim of Heart Failure: A Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION) 11 was to examine the effects of exercise training on clinical outcomes in patients with heart failure. As reported in the accompanying article by O'Connor et al, 12 a total of 759 patients (65%) in the exercise group experienced a primary end point (ie, all-cause mortality or allcause hospitalization), compared with 796 (68%) in the usual care group (hazard ratio, 0.93; 95% confidence interval [CI] , 0.84 to 1.02; P =.13).
A key secondary goal of HF-ACTION was to examine the effects of exercise training on patient-reported health status, as assessed using the Kansas City Cardiomyopathy Questionnaire (KCCQ), a well-accepted instrument for clinical trials in heart failure. 13, 14 HF-ACTION compared scores on the KCCQ overall summary scale and key subscales (ie, physical limitations, symptoms, quality of life, and social limitations) between randomized groups. We hypothesized that patients with New York Heart Association (NYHA) class II to IV heart failure who were randomly assigned to usual care plus exercise training would show greater improvement in health status than patients assigned to usual care alone.
METHODS

Study Design
A complete description of the study design and exercise training protocol has been published previously. 11 In brief, HF-ACTION was a multicenter, randomized controlled trial designed to test the long-term safety and efficacy of aerobic exercise training plus evidencebased medical therapy vs usual care with evidence-based medical therapy alone in medically stable outpatients with left ventricular dysfunction and NYHA class II to IV heart failure. Patients were recruited from 82 centers in the United States, Canada, and France.
Enrollment criteria included left ventricular ejection fraction of 35% or less, symptoms of NYHA class II to IV heart failure, and ability and willingness to undergo exercise training. Patients were excluded from consideration if they were unable to exercise, were already exercising regularly (more than once per week), or had experienced a major cardiovascular event in the previous 6 weeks. The relevant institutional review boards, research ethics boards, and ethics committees of the participating centers and the coordinating center approved the protocol, and all patients provided written consent to participate.
From April 2003 through February 2007, eligible patients were randomized 1:1 using a block randomization scheme, with random permutations formed by the sorting of numbers randomly generated uniformly on the unit interval, to either usual care alone, which included optimal medical therapy and a recommendation for regular physical activity, or to usual care plus aerobic exercise training. The exercise training consisted of 36 sessions of supervised aerobic exercise training (ie, walking, treadmill, or stationary cycling) at 60% to 70% of heart rate reserve 3 times per week followed by prescribed home-based training at the same intensity 5 times per week. Randomization was stratified by center and heart failure etiology.
Patient-Reported Measures
We used the KCCQ to measure health status. The KCCQ is a 23-item selfadministered disease-specific questionnaire. 13 In addition to an overall summary score, we report scores from the subscales for physical limitations, symptoms, quality of life, and social limitations. The KCCQ is scored from 0 to 100, with higher scores representing better health status. We handled missing values in each KCCQ domain by using the standard scoring algorithms to assign the average of the completed items within the domain, assuming that a domain-specific threshold number of items in that domain (usually half) were answered. The KCCQ was self-administered at the baseline clinic visit, at 3-month intervals during clinic visits for the first 12 months, and annually thereafter for up to 4 years. When the trial started, the KCCQ had not been validated for use by telephone, 15 and we did not collect KCCQ data during telephone follow-up. French-speaking participants in France and Quebec used certified Frenchlanguage versions of the KCCQ.
To aid interpretation of results, we considered a 5-point change in the KCCQ overall summary score to be the minimally noticeable clinical difference, based on a study by Spertus et al 14 in which a 5-point change corresponded to cardiologists' ratings of small changes in health status during an observational 6-week period among 476 patients with heart failure. This 5-point cutoff is appropriate for interpreting change within individuals. Ongoing research continues to improve our understanding of the clinical meaning of changes in KCCQ scores, especially for interpreting mean changes between groups and correlations with other functional measures.
Statistical Analysis
We used a 2-tailed significance level of ␣=.05 for all assessments. Based on an expected SD of 24.30 for the KCCQ clinical overall score (J. A. Spertus, MD, MPH; oral communication, January 2001), the effective expected sample size of 1323 patients per group provided 90% statistical power for detecting a 2.16-point or greater difference between treatments. We used SAS version 9.1 (SAS Institute Inc, Cary, North Carolina) for all analyses. We estimated the models according to the intention-to-treat principle.
Given the complexities of analyzing longitudinal patient-reported outcome data-including correlations among serial observations of the KCCQ score, the ability of health status scores to move in both directions (ie, improve or deteriorate), and the potential for group differences in mortality or missing data-we examined treatment group effects on the KCCQ score using a longitudinal linear mixedeffects model. 16 This prespecified approach models the underlying health trajectory for each patient that gives rise to the observed KCCQ scores at various time points and then compares the average trajectories between treatment groups. This method minimizes the effects of measurement error from any one assessment. 17 We used full maximum likelihood estimation to model all available data from each patient without the need to impute missing values or omit patients with missing data from the analysis. This method provides unbiased estimates when the mechanism responsible for missing data can be ignored, that is, when unobserved variables do not explain the probability of missingness over and above what is explained by observed variables. 18 In a sensitivity analysis, we examined whether treatment effects were the same after increasing the number of observed variables in the model. This was done by adding 28 baseline covariates, each of which had less than 1% missing data (n=2212). The variables were age, sex, NYHA class, Canadian Cardiovascular Society angina class, heart failure etiology, left ventricular ejection fraction, previous revascularization (ie, coronary artery bypass graft surgery or percutaneous coronary intervention), history of myocardial infarction, history of diabetes mellitus, history of chronic obstructive pulmonary disease, history of peripheral vascular disease, atrial fibrillation or atrial flutter, hospitalization for heart failure in the previous 6 months, receipt of a biventricular pacemaker, receipt of an implantable cardioverter-defibrillator, use of ␤-blockers, use of statins, use of angiotensin-converting enzyme inhibitors, use of both loop and nonloop diuretics, use of an aldosterone antagonist, smoking status, systolic and diastolic blood pressure, body mass index, resting heart rate, exercise duration on a functional exercise tolerance test, depression as measured by the Beck Depression Inventory II, and perceived social support as measured by the Perceived Social Support Scale.
The trajectory of health status over time was not linear. Graphical examination of the observed changes in the KCCQ overall summary score showed an initial steep increase from baseline to 3 months rather than a strictly linear change across all time points. Therefore, to improve model fit, we modeled time using a piecewise linear model with a joint point at 3 months. For each model, the KCCQ score was the dependent variable, and we estimated the fixed effects of ischemic etiology, the change from baseline to 3 months, and the slope (in months) after 3 months. We specified 3 random effects: an overall intercept, a random change at 3 months (ie, a random new intercept starting at 3 months), and a random slope starting at 3 months. To test whether the mean trajectories over time differed by treatment group, we used an omnibus likelihood ratio test of the joint significance of 2 interaction effects: treatment ϫ change from baseline to 3 months and treatmentϫslope after 3 months. We report the model estimates for the fixed effects.
To test whether treatment effects differed by subgroup, we used an omnibus likelihood ratio test of the 3-way interactions of subgroup, treatment effect, and change from baseline to 3 months, and subgroup, treatment effect, and slope (in months) after 3 months. When significant, we tested each interaction effect separately. Prespecified subgroups included age (Յ70 or Ͼ70 years), sex (male or female), race (black or African American, white, or other), NYHA class II or III/IV, heart failure etiology (ischemic or nonischemic), depression at baseline (scored as a continuous variable), and perceived social support (scored as a continuous variable). Participants reported race and ethnicity at the time of study enrollment using categories defined by the National Institutes of Health. In the analysis to test whether treatment effects differed by subgroup, we used the reported race categories "black or African American" and "white" and combined all others as "other." We also examined subgroups defined by left ventricular ejection fraction (Յ25% or Ͼ25%), previous revascularization (coronary artery bypass graft surgery or percutaneous coronary intervention, or no previous revascularization), history of myocardial infarction, and KCCQ overall summary score at baseline (0-50, Ͼ50-75, or Ͼ75-100).
In a post hoc analysis of individual change to assist in the clinical interpretability of the group differences, we used 2 tests to compare the percentage of patients with a 5-point or greater improvement in the KCCQ overall summary score by treatment group, using change-from-baseline estimates generated by the linear mixed-effects models in the primary analysis. From this comparison, we calculated the number needed to treat-namely, the estimated number of patients needed to be referred to an exercise training program to observe a clinically noticeable improvement in health status in 1 patient at 3 (or 12) months compared with usual care alone. We also report the bias-corrected and accelerated bootstrap CIs for each of the predicted proportions.
To provide additional information relevant to interpretation of the magnitude of individual changes in the KCCQ, we computed correlations between 12-month change-from-baseline scores on the KCCQ overall summary score and 3 physiologic parameters: change in exercise time on cardiopulmonary exercise test, change in peak oxygen consumption during exercise test, and change in 6-minute walk distance. We estimated the slope relationships by using each of the physiologic change variables to predict the 12-month change from baseline in the KCCQ score in separate univariate linear regression models.
RESULTS
The baseline characteristics of HF-ACTION participants by treatment group are shown in TABLE 1. Characteristics were similar between the treatment groups, and the groups had similar mean baseline scores on the KCCQ overall summary scale and key subscales. Furthermore, on the KCCQ symptom stability scale, which measures recent changes in heart failure symptoms such that a score of 50 indicates no recent changes, the mean (SD) scores were 54 (18) in the usual care group and 54 (16) in the exercise group, indicating that participants in both groups were medically stable with respect to heart failure at the time of randomization.
Median follow-up was 2.5 years. Visit-level missing data are shown in TABLE 2, accounting for death, withdrawn consent, and visits not expected because of later enrollment in the trial. (Based on randomization date, patients were to be followed up for 1 to 4 years before the trial ended.) Because the KCCQ was not administered by telephone, some participants who had telephone follow-up visits were missing more KCCQ data than visit data. The difference in missing KCCQ data by treatment group did not exceed 6% for any visit. 
Exercise Training and Patient-Reported Health Status
Results from the mixed models are shown in TABLE 3. All participants who had at least a baseline KCCQ score contributed data to this analysis (1159 in the exercise group, 1171 in the usual care group; FIGURE 1). After adjustment for heart failure etiology, the KCCQ overall summary score improved by 5.21 points in the exercise training group and by 3.28 points in the usual care group from baseline to 3 months. The additional 1.93-point increase (95% CI, 0.84 to 3.01) in the exercise training group was statistically significant (PϽ.001). There was no attenuation of this early benefit over time; neither group experienced significant changes in KCCQ scores after 3 months, and there was no significant difference between groups in the slopes over time (P =.85).
The overall treatment effect (ie, the difference between overall trajectories by treatment group) was statistically significant (P =.001). This relationship is displayed in FIGURE 2. Results were similar in the analysis adjusted for the 28 baseline covariates. There were no significant subgroup interactions for age (P = .44), sex (P = .26), race (P = .97), NYHA class (P =.61), heart failure etiology (P=.75), left ventricular dysfunction (P = .06), previous revascularization (P = .84), history of myocardial infarction (P=.08), depression (P=.24), perceived social support (P = .32), or KCCQ score at baseline (P =.24).
Results for the KCCQ subscales were similar to the results for the overall summary scale. After adjustment for heart Abbreviations: CI, confidence interval; KCCQ, Kansas City Cardiomyopathy Questionnaire. a Estimates are derived from a longitudinal piecewise linear mixed model that adjusts for ischemic etiology of heart failure. The models estimate change from baseline to 3 months and monthly change from 3 months to the end of study for each treatment group. b Follow-up data forms were not available for 1 patient. c P values are from t tests for null hypotheses that parameter estimates were equal to zero. failure etiology, there was a significant overall treatment effect on physical limitations (P Ͻ .001), symptoms (P=.02), quality of life (P = .004), and social limitations (P = .02). For these 4 subscales, additional early improvements in the exercise training group compared with usual care were significant (2.30 points on physical limitations, PϽ.001; 1.52 points on symptoms, PϽ .001; 1.63 points on quality of life, P=.02; and 1.79 points on social limitations, P= .02).
After 3 months, both groups experienced similar slight decreases in physical limitations scores (0.06 points per month for usual care vs 0.05 points per month for the exercise group; difference of 0.01 not significant at P= .84) and slight increases in quality-of-life scores (0.078 points per month for usual care vs 0.094 points per month for the exercise group; difference of 0.016 not significant at P = .60). There were no significant changes in symptoms (P = .91) or social limitations (P=.12) scores after 3 months. FIGURE 3 shows the distribution of predicted changes in the KCCQ overall summary score from baseline to 3 months. In this post hoc analysis, 54% (n=621; 95% CI, 51% to 56%) of patients in the exercise group had a clinically noticeable improvement of 5 or more points compared with 29% (n = 334; 95% CI, 26% to 31%) of patients in the usual care group (PϽ.001). (In the analysis adjusted for 28 covariates, the percentages were 52% [n=602; 95% CI, 50% to 55%] and 32% [n=378; 95% CI, 30% to 35%], respectively.) Given the difference in the proportion of patients who experienced a clinically noticeable improvement in health status (26%), the number of adequately medicated patients with class II to IV heart failure who would need to be referred to exercise training for 1 patient to benefit significantly more by 3 months than if all patients received usual care alone is 4 (in the adjusted analysis, 5).
Exercise Training and the Proportion of Patients Benefiting
At 12 months, 53% (n=618; 95% CI, 50% to 56%) of patients in the exercise training group had a clinically noticeable improvement from baseline compared with 33% (n=386; 95% CI, 30% to 35%) in the usual care group (PϽ.001), suggesting a number needed to treat of 5. (In the adjusted analysis, the percentages were 53% [n=614; 95% CI, 51% to 56%] and 34% [n=395; 95% CI, 31% to 36%], resulting in a number needed to treat of 5.)
Relationship Between KCCQ and Physiologic Outcomes
Changes from baseline to 12 months in the KCCQ overall summary score were associated with changes in exercise time on the cardiopulmonary exercise test (r = 0.28; PϽ .001), peak oxygen consumption (r = 0.21; P Ͻ .001), and 6-minute walk distance (r = 0.18; P Ͻ .001). Based on these relationships, a 1.7-minute change in exercise time, a 1.4-mL/min/kg change in peak oxygen consumption, and a 49.7-m change in distance walked corresponded to an individual's change of 5 points on the KCCQ overall summary score.
COMMENT
In HF-ACTION, health status as assessed by the KCCQ improved more during the initial 3-month period for patients in the exercise training group than for patients in the usual care group. This improvement persisted throughout follow-up and was seen not only on the overall summary scale but also on key subscales, including physical limitations, symptoms, quality of life, and social limitations. These results support our primary hypothesis that exercise training significantly improves health status for patients with heart failure compared with usual care alone.
The size of the initial mean benefit was modest and may not be considered clinically significant when examining mean differences between groups. However, in the post hoc analyses comparing the distribution of the individual change scores, there was a significantly larger proportion of patients assigned to exercise training who experienced at least a 5-point improvement compared with those assigned to usual care alone. (Additional analyses indicated that a change of 5 points on the KCCQ was as large as or larger than corresponding changes in physiologic outcomes that are considered clinically meaningful. 5, 19, 20 ) Few studies have evaluated the effects of exercise training on health status and quality of life in patients with systolic heart failure. The present study of patients with NYHA class II to IV heart failure is the largest and longest study to evaluate this relationship. Patients with heart failure who exercise may experience dyspnea and fatigue, but it is noteworthy that patients in the exercise group showed early improvements in KCCQ scores, including the subscales for physical limitations and symptoms. Unlike previous studies suggesting that women 21 and older patients 22 may not respond as well to exercise training, our findings of exercise-related benefit were relatively consistent across sex, race, age, and other subgroups.
The large size of HF-ACTION allowed us to precisely estimate changes in health status over time for patients in both treatment groups. The numbers needed to treat implied by these treatment group differences in change (4 at 3 months and 5 at 12 months) demonstrate significant effects. To create context for these numbers needed to treat, between 10 and 167 patients undergoing percutaneous coronary intervention would need to be treated with drug-eluting stents to prevent 1 episode of restenosis, depending on the clinical characteristics of the patients, and drug-eluting stents are used in approximately 70% of the patients undergoing percutaneous coronary intervention in the modern era. The lack of further improvement in scores after 3 months may reflect the potential influence of the social support that occurred during the supervised sessions or the possibility that the principal benefits of exercise on health status are attained early. Alternatively, it could be a result of the low adherence to home-based exercise in some patients assigned to exercise training and to increased physical activity in the usual care group. However, we did not observe a decline in KCCQ scores after 3 months in the exercise group, which we might have expected had patient-reported health status been related to declining adherence over time. There also was no decline in health status in the usual care group after 3 months, perhaps because of the support associated with participating in a clinical trial.
In previous exercise studies, the failure to demonstrate improvements in quality of life has been attributed to a lack of sensitivity of measurement tools, small sample sizes, short duration of exercise training, and lack of adherence to the exercise regimen. Authors of a Cochrane review of exercise rehabilitation in patients with heart failure concluded that quality of life improved in the short term, but they cited the need for larger, more representative studies. 23 In a systematic review of homebased exercise training in patients with chronic heart failure, quality of life (measured with the MLHFQ) did not improve compared with usual activity. The authors noted that initial adherence to the prescribed intensity of 60% to 70% of heart rate reserve declined progressively during the course of home training, which may explain the lack of improvement in quality of life. They suggest that future study is needed of methods to reduce barriers and improve adherence to home exercise training. 24 Our ability to characterize the benefit from exercise in HF-ACTION was enhanced by the use of linear mixedeffects models that accommodated variable assessment intervals, nonlinear change, and study dropout. 18 This approach offers advantages over other 
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©2009 American Medical Association. All rights reserved. analytic approaches used in previous research on patient-reported outcomes in heart failure. In particular, deriving model-based estimates of change from baseline can result in less bias from measurement error and missing data. 25 Future clinical studies should consider such an approach to increase the power and interpretability of treatment effects on quality-of-life outcomes.
Limitations
According to the study design, patients who were unwilling or unable to exercise were excluded, which may have reduced the generalizability of the results. Patients in the usual care group may have increased their physical activity level after enrollment or even self-referred to an exercise rehabilitation program (ie, true crossover). These factors, combined with suboptimal adherence in the exercise group, may have diminished the identified health status benefit associated with exercise training. An analysis addressing the relationship between adherence and health status is ongoing. Second, because of the nature of the intervention, it was not possible to blind patients to treatment assignment. It is impossible to ascertain whether this influenced self-reported KCCQ scores. Third, the measurement schedule of yearly assessments of the KCCQ after 12 months may have hindered our ability to detect changes in health status associated with clinical events after 1 year. Fourth, measurement of health status was based on a single instrument, the KCCQ, that was not administered during telephone follow-up, so the rate of missing data on health status, especially at 24 and 36 months, was higher than expected. However, censoring the data at 12 months had no effect on the results. Finally, the description of the relationship between the KCCQ and physiologic measures should be interpreted with caution, given the size of the correlations and the fact that the description was restricted to patients who had complete data and may not represent the total trial population.
CONCLUSIONS
HF-ACTION is the largest and most comprehensive study of exercise training in patients with NYHA class II to IV heart failure, to our knowledge. The results demonstrate that participation in an exercise training program provides a modest but statistically significant improvement in patient-reported health status compared with usual care. The clinical meaningfulness of the magnitude of average change requires further study. The improvement associated with exercise training occurred early during supervised training and persisted over time during homebased training. The results were consistent across KCCQ subscales and key subgroups.
